incubation at 37 C the cells were recovered by centrifugation, washed once with 1 groWth-Volume neutral phosphate buffer and resuspended in T the growth volume of the same phosphate' buffer or of Ringers' saline, as required for the experiment. The concentration of the cell suspensions was determined nephelometrically and expressed in terms of bacterial nitrogen, from previous standardization by micro-kjeldahl.
Respiration and chemical
The respiration experiments were performed at 37 C, using a Warburg apparatius and the conventional methods (Dixon, 1934) . The rates of respiration are expressed as Qo,(N); i.e., microliters of oxygen utilized per milligram of bacterial nitrogen per hour (Burris and Wilson, 1940) . As the cells used in these experiments contained about 10 per cent nitrogen on a dry basis, the respiration expre8sed as Qo,(N) is about ten times Qo,. The usual reaction volume was 3 ml per vessel. However, in some experiments with C02-bicarbonate buffer the voolume was decreased to 1.5 ml in order to increase the bicarbonate concentration and thus the pH. Usually the substrates were tipped into the reaction vessels from the side arms after gas equilibration, although in some cases, as noted in the tables, exception was made to this procedure. When cyanide was employed in respiration experiments, it was also present in the KOH used in the eenter well (Krebs, 1935) . Hydrogen peroxide was determined by the colorimetric peroxidase method of Main and Shinn (1939) using purified horse-radish peroxidase. Absolute ethyl alcohol dried over anhydrous MgSO4 was considered to be pure and quantitative calculations for alcohol oxidation made on this basis. Eastman's acetaldehyde was diluted immediately before use and standardized by iodine titration according to the procedure of Friedemann and Graeser (1933) . When aldehyde was used with an atmosphere other than air, as in tables 3 and 4, the aldehyde remaining in the flasks after equilibration was determined on duplicate flasks. This was accomplished by cooling the flasks in an ice bath, rinsing them with bisulfite, and titrating for the bound aldehyde with iodine. Approximately 70 per cent of the aldehyde added to the flasks was present after equilibration with the gas mixture.
EXPERIMENTAL
The rate of dehydrogenation with methylene blue as hydrogen acceptor proceeds rapidly in neutral phosphate buffer with M/10 ethyl alcohol as substrate . When the methylene blue is replaced with air the alcohol is oxidized as shown in figure 1. The oxidation rate may be greatly stimulated by the addition of methylene blue as a hydrogen carrier or by semicarbazide (SCZ) as an aldehyde fixative. In the presence of methylene blue the oxidation rate, though rapid at first, soon falls off-probably due to injury of the cells or denaturation of the enzymes by the hydrogen peroxide which accumulates. The stimulation of oxidation by seimicarbazide indicates that the rate of alcohol oxidation is retarded by aldehyde accumulation (see Green, 1940, p. 52 (Green, 1940) . As quantitative data could be obtained only at lower substrate concentrations, experiments were run at this level.
The rate of alcohol oxidation increased with pH to at least 8.4 (figure 2). Thus, the optimum is somewhat higher with oxygen than with methylene blue as hydrogen acceptor. The optimum with methylene blue is between pH 7.0 . With the C02-bicarbonate buffers which were used in a number of experiments it was not practical to work above pH 7.5. In a quantitative study of alcohol oxidation (figure 3), slightly over 1 mole of oxygen is used per mole of alcohol. In the presence of aldehyde fixative, or with acetaldehyde as substrate, approximately 0.5 mole of oxygen is used. As shown in the figure, acetic acid is not oxidized. That is, the respiration in the presence of acetate is slightly less than the endogenous rate. As both alcohol and aldehyde are oxidized, whereas acetate is not, it seems likely that the alcohol is oxidized only as far as acetate. If the oxidation occurred with the accumulation of ELIZABETH C. GREISEN AND I. C. GUNSALUS hydrogen peroxide, one would expect 2 moles of oxygen to be used per mole of alcohol oxidized instead of approximately 1, as found. This will be discussed in more detail later.
More exact values for the quantity of oxygen used per mole of substrate can be obtained if a correction is applied for the oxygen used in endogenous respira. tion. As pointed out by Van Niel (1943, p. 552), the quantity of oxygen used by a cell suspension (endogenous) may be altered, usually decreased, by the addition of substrates. When this occurs, a correction for endogenous respiration can not be obtained directly. However, if-as in the present case-the total C02 evolution is due to endogenous respiration, and if the magnitude of the endogenous respiration (but not its respiratory quotient) is altered in the presence of substrate, 
Reaction (1) is the sum of the partial oxidations indicated in equations (2) and (3). Further substantiation of reactions (1) and (2) is found in the production of 1 mole of acid per mole alcohol or aldehyde oxidized (table 3) .
HYDROGEN PEROXIDE
As previously mentioned, the quantities of oxygen utilized in alcohol and aldehyde oxidation are only half those predicted on the basis of hydrogen peroxide accumulation. In fact they indicate that water is the other product of oxidation. Thus one mole of water would be formed per mole of substrate in reaction (1) or reaction (3). The lack of hydrogen peroxide accumulation is borne out by its absence during the course, or after the completion, of alcohol or aldehyde oxidation. The method employed for peroxide detection (Main and Shinn, 1939 ) is sensitive to 6 micrograms of H202 per 3 ml (equivalent to 5 ,u liters 02/Warburg cup). The addition of catalase or pyruvic acid to remove peroxide, if formed, did not affect the rate of oxidation nor the quantity of oxygen used. The organism does not produce catalase, nor does the respiration occur through other of the well-known hemin systems-as indicated by only partial inhibition with cyanide and azide, even at M/100 (table 5) .
As previously mentioned, peroxide could be demonstrated following the oxidation of M/10 alcohol in the presence of methylene blue. As oxidation through methylene blue is known to occur with the production of peroxide, this is not surprising. Although methylene blue stimulated the respiration rate at lower alcohol concentration (0.002 molar) no hydrogen peroxide could be demonstrated at the end of respiration nor was the quantity of oxygen utilized per mole of substrate increased. With the decreased respiration rate at the low substrate concentration, peroxide may be removed as fast as formed. Greisen and Gunsalus (1943) (table 5) . In one experiment, 30 minutes' incubation of the cells with M/1000 cyanide decreased the oxidation rate 40 per cent when alcohol was added. The partial inhibition of oxidation even with high concentrations of inhibitor indicates the presence of cyanide-resistant respiration which occurs, as shown above, without hydrogen peroxide accumulation. In contrast to this Sevag and Shelbourne (1943) , working with a group A streptococcus, reported glucose oxidation to be cyanide-sensitive. As hydrogen peroxide accumulated, they interpreted the data as indicating the presence of a cyanide-ensitive, heme-type respiration system which formed peroxide. We have no evidence for this type of respiration in the orgaim used in the present study. Iodoacetic acid at M/100 inhibited alcohol oxidation completely. This sensitivity of the alcohol oxidation system to iodoacetate is similar to the analogous enzymes of Escheichia coli and yeast (Still, 1940; Dixon, 1937) ; the liver alcohol oxidase, on the other hand, is insensitive to iodoacetate (Lutwak-Mann, 1938 (Lipmann, 1939) .
The rate of alcohol oxidation by Streptococcus mastitidis is greater than by E. coli (Still, 1940) or by the liver system described by Lutwak-Mann (1938) . This is true either with or without methylene blue as hydrogen carrier. The slower rate of alcohol oxidation by E. coli is in line with the methylene blue reduction rates as previously compared with streptococci (Greisen and Gunsalus, 1943) suggests that it may possess an oxidation system involving a peroxidase similar to that found in Acetobacter peroxidans byWieland and Pistor (1936) . The peroxidase-catalyzed oxidation of the acetobacter is, however, inhibited almost completely by M/8000 cyanide, whereas the respiration of this streptococcus is rather insensitive to cyanide. As hydrogen peroxide does not accurmulate, one of the reasons for labeling the respiration as injurious to the cells is removed; it is possible that this respiration is of value to the organism.
SUNMMARY
Streptococcus mastitidis, a homofermentative lactic acid organism lacking the usual hemin catalysts, oxidizes ethyl alcohol to acetic acid in the presence of air without added carriers. The rate of oxidation is stimulated several fold by the addition of methylene blue. Contrary to expectations the oxidation requires but one mole of oxygen per mole of alcohol and hydrogen peroxide does not accumulate in the absence of added carriers. Aldehyde is oxidized to acetic acid by 0.5 mole of oxygen. In the absence of oxygen, aldehyde is dismutated to acid and alcohol.
The alcohol oxidation, but neither the aldehyde oxidation nor dismutation, is inhibited by M/100 iodoacetate. Sodium cyanide does not inhibit the oxidation at the concentration effective against the usual hemin systems but does partially inhibit at M/100.
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